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PASSIVE ELECTRO-OPTICAL
IDENTIFICATION TAGS

FIELD

The subject matter disclosed herein relates to electro-opti-
cal identification tags.

BACKGROUND

Automated 1dentification of goods and other articles has
become commonplace. Radio 1frequency identification
(RFID) tags may be used to track the shipment and inventory
of goods. In the coming years, RFID tags may be found on
goods offered for sale at a large number of retailers. RFID
tags may also be used in other applications, including elec-
tronic toll collection for vehicles.

Other techniques for automated 1dentification of goods or
other articles may utilize bar codes. However, RFID and bar
code technologies may suffer from various shortcomings,
including limited range and/or excess expense. For example,
bar code scanning may function properly from a maximum
distance of several feet, and typical bar code implementations
may require that the bar code be scanned from a maximum
distance of only several inches. Similarly, passive RFID
implementations may have effective ranges of only a few feet.
Active RFID technologies may provide increased range, but
at a significant increase 1n cost due in part to the active
circuitry of the RFID tag, including power supplies that may
have limited life spans.

BRIEF DESCRIPTION OF THE DRAWINGS

Subject matter 1s particularly pointed out and distinctly
claimed in the concluding portion of the specification.
Claimed subject matter, however, both as to organization and
method of operation, together with objects, features, and
advantages thereol, may best be understood by reference of
the following detailed description 1f read with the accompa-
nying drawings in which:

FIG. 1 1s a diagram depicting an example embodiment of
an optical identification tag located on an automobile and an
example embodiment of an electro-optical transcerver;

FIG. 2a 1s a diagram depicting a top view of an example
embodiment of an optical identification tag;

FI1G. 26 1s a diagram depicting a cross-sectional view of an
example embodiment of an optical identification tag;

FIG. 3a 1s a diagram depicting an example light spoke
structured light pattern;

FIG. 3b 1s a diagram depicting an example light spoke
structured light pattern;

FIG. 4 1s a diagram depicting an example light node struc-
tured light pattern;

FIG. 5 1s a block diagram of an example embodiment of an
clectro-optical transcerver; and

FIG. 6 15 a flow diagram of an example embodiment of a
method for electro-optical 1dentification.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth to provide a thorough understanding of
claimed subject matter. However, 1t will be understood by
those skilled 1n the art that claimed subject matter may be
practiced without these specific details. In other instances,
well-known methods, procedures, components and/or cir-
cuits have not been described 1n detail.
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As pointed out above, difficulties with state of the art
technology, particularly in automated identification, for
example, may include limited range and/or excessive cost. A
need, therefore, exists for techniques and/or systems that may
provide automated identification at greater ranges and at
lower costs.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with the
embodiment 1s included 1n at least one embodiment of
claimed subject matter. Thus, the appearances of the phrase
“in one embodiment” and/or “an embodiment” 1n various
places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particu-
lar features, structures, and/or characteristics may be com-
bined in one or more embodiments.

“Instructions” as referred to herein relate to expressions
which represent one or more logical operations. For example,
istructions may be “machine-readable” by being interpret-
able by a machine for executing one or more operations on
one or more data objects, such as, for example, a processor.
However, this 1s merely an example of instructions and
claimed subject matter 1s not limited 1n this respect. In another
example, instructions as referred to herein may relate to
encoded commands which are executable by a processor or
other processing circuit having a command set which
includes the encoded commands. Such an mstruction may be
encoded 1n the form of a machine language understood by the
processor or processing circuit. Again, these are merely
examples of an instruction and claimed subject matter 1s not
limited 1n these respects.

“Storage medium” as referred to herein relates to media
capable of maintaining expressions which are percervable by
one or more machines. For example, a storage medium may
comprise one or more storage devices for storing machine-
readable 1nstructions and/or information. Such storage
devices may comprise any one of several media types includ-
ing, for example, magnetic, optical and/or semiconductor
storage media. However, these are merely examples of a
storage medium and claimed subject matter 1s not limited 1n
these respects.

“Logic” as referred to herein relates to structure for per-
forming one or more logical operations. For example, logic
may comprise circuitry which provides one or more output
signals based at least in part on one or more mmput signals.
Such circuitry may comprise a finite state machine which
receives a digital input signal and provides a digital output
signal, or circuitry which provides one or more analog output
signals in response to one or more analog input signals. Such
circuitry may be provided, for example, 1n an application
specific integrated circuit (ASIC) and/or a field program-
mable gate array (FPGA). Also, logic may comprise
machine-readable instructions stored 1n a storage medium in
combination with a processor or other processing circuitry to
execute such machine-readable instructions. However, these
are merely examples of structures which may provide logic
and claimed subject matter 1s not limited 1n these respects.

Unless specifically stated otherwise, as apparent from the
following discussion, 1t 1s appreciated that throughout this
specification discussions utilizing terms such as “process-
ing,” “computing,” “calculating,” “selecting,” “forming, *‘en-
abling,” “inhibiting,” “1dentitying,” “initiating,” “querying,”
“obtaining,” “hosting,”*“maintaining,” “representing,” “modi-
tying,” “receiving,” “transmitting,” “storing,’*‘authenticat-
ing,” “authorizing,” “hosting,” “determining” and/or the like
refer to the actions and/or processes that may be performed by
a computing platform, such as a computer or a similar elec-
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tronic computing device, that manipulates and/or transforms
data represented as physical, electronic and/or magnetic
quantities and/or other physical quantities within the comput-
ing platform’s processors, memories, registers, and/or other
information storage, transmission, reception and/or display
devices. Accordingly, a computing platform refers to a system
or a device that includes the ability to process and/or store
data in the form of signals. Thus, a computing platform, 1n this
context, may comprise hardware, software, firmware and/or
any combination thereol. Further, unless specifically stated
otherwise, a process as described herein, with reference to
flow diagrams or otherwise, may also be executed and/or
controlled, 1n whole or 1n part, by a computing platiorm.

A “computer program’ as referred to herein relates to an
organized list of instructions that, 1 executed, results 1n or
causes a computer, computing device and/or machine to
behave 1n a particular manner. Here, for example, a computer
program may comprise machine-readable instructions that
are executable to perform one or more desired tasks. In one
particular embodiment, although claimed subject matter 1s
not limited 1n this respect, a computer program may define
input data and output data such that execution of the program
may provide output data based, at least 1n part, on the input
data. However, these are merely examples of a computer
program and claimed subject matter 1s not limited 1n these
respects.

In the following description and/or claims, the terms
coupled and/or connected, along with their dertvatives, may
be used. In particular embodiments, connected may be used
to indicate that two or more elements are 1n direct physical
and/or electrical contact with each other. Coupled may mean
that two or more elements are 1n direct physical and/or elec-
trical contact. However, coupled may also mean that two or
more elements may not be in direct contact with each other,
but yet may still cooperate and/or interact with each other.

As used herein, the term “retroretlective” 1s related to tech-
niques and/or devices for retlecting light approximately back
along a path to a light source.

As used herein, the term “retrodireactional” 1s related to
techniques and/or devices for redirecting light approximately
back along a path to a light source. Retrodireactional tech-
niques and/or devices may comprise retroretlective tech-
niques and/or devices, and may also comprise other tech-
niques for redirecting light such as phase conjugation.

As used herein, the term “light encoding” 1s related to any
techniques and/or devices for encoding information by alter-
ing any characteristics of retroretlected light. Devices capable
of altering characteristics of and/or spatial distribution of
light may be referred to as “light modification elements.”
These techniques and/or devices may include, but are not
limited to, refractive holograms, diffractive holograms, nan-
ograting optical phase retarders, and/or nanograting polariz-
ers. Again, these are merely examples of techniques and/or
devices for “light encoding”, and the scope of the claimed
subject matter 1s not limited 1n these respects.

As used herein, the term “layer” as 1t relates to optical
identification tags 1s meant to include any sub-portion of an
optical 1dentification tag. For an embodiment, a layer may
comprise a sheet of relatively thin material that may or may
not comprise retroreflective and/or light encoding structures.
For an embodiment, two or more layers may be placed and/or
formed one on top of the other to form an optical identifica-
tion tag. For some embodiments, multiple layers may be
formed on a single sheet of plastic. However, these are merely
examples of layers as related to optical identification tags, and
the scope of the claimed subject matter 1s not limited 1s these
respects.
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In general, one or more embodiments for electro-optical
identification may provide identification capabilities that
work at long distances (possibly up to a mile or more) with
appropriate line-of-sight and visibility. An embodiment may
comprise a passive thin embossed plastic optical 1dentifica-
tion tag which may be adhesively attached to an item for
identification. An optical identification tag implemented 1n
accordance with one or more embodiments described herein
may have a sub $0.05 cost in mass production. An optical
identification tag implemented in accordance with one or
more embodiments described herein may be read with a solid
state laser-based transceiver unit.

The various possible optical identification tag embodi-
ments described herein may be utilized 1n any of a wide range
of applications. For example, one application of the embodi-
ments described herein may include placement of optical
identification tags on automotive vehicle license plates for
police identification at a distance. Other possible applications
may include toll-road fee collection and low-cost homeland
security traific route observation. Rail train car automated
identification and inventory while passing into train yards
may be another application. The tracking of shipping contain-
ers may be yet another possible application. Further, the
embodiments described herein may provide for similar func-
tionality as other passive “automated 1dentification and data
capture” (AIDC) techniques such as 2-D or 3-D bar code and
passive RFID tags. However, the electro-optical 1dentifica-
tion embodiments described herein may provide these func-
tionalities over distances much greater than the few inches to
feet at which the prior technologies are effective. Also, the
optical 1dentification tags described herein may maintain the
same lost-cost ID tag advantage of the prior passive AID
technologies.

One or more optical identification tag embodiments
described herein may comprise a combinational use of micro
retroreflective arrays, refractive and/or diffractive holo-
graphic light modification elements, nano-replicated light
polarization and/or phase retardation altering nano-grating
structures, and/or other nano-structural array based light
property altering mechanisms. A micro retroreflective array
may comprise a number of corner cube retroreflectors that
may comprise very small, efficient prism reflectors that return
light rays approximately toward their source.

One embodiment of an optical identification tag may com-
prise a small checkerboard pattern where one or more ¢le-
ments of the pattern retroretlects light 1n a umique structural
pattern. Fach element of the checkerboard pattern may be
encoded to a different state, although 1n some embodiments
states may be replicated to enhance reliability. Elements of
the checkerboard pattern may be encoded to different states
by varying phase and polarization states among the elements
via the use of mass replicated nano-grating elements. The
nano-grating elements may be positioned and/or formed on
top of refractive and/or diffractive holographic elements.
Encoding each optical identification tag with a unique i1den-
tification number may be performed 1n the field with the use
of a laser printer and appropriate soltware to blacken out
selected elements for a non-reflective state. Error code cor-
rection may also be incorporated into the pattern for some
embodiments. Various example embodiments of optical 1den-
tification tags are discussed in more detail below.

FIG. 1 1llustrates an embodiment of an optical 1dentifica-
tion tag 200 aflixed to a license plate of an automobile 110. A
transcerver 500 1s depicted illuminating the automobile 110
with a laser beam 130. A structured light pattern 140 1s
returned from optical i1dentification tag 200 back to trans-
ceiver 500. Transcerver 300 may decode information encoded
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in the structured light pattern returned from tag 200. For one
embodiment, laser beam 130 may emerge from transcerver
500 with a bivariant Gaussian power distribution, or 3-D
bell-shaped profile. The divergence of laser beam 130 may be
adjusted via optical components in transcerver 500 such that
the optical identification tag i1lluminating energy profile 1s
optimized for the distance between the tag and the transceiver.
This optimization may comprise a trade oif between having
the highest level of laser energy flux on illuminating tag 200
while at the same time making the illumination spot big
enough such that vibration and jitter of a handheld transcerver
for one embodiment does not result 1in the laser beam falling
off of tag 200. Closed loop optimization of the beam diver-
gence, as well as optimal directional pointing, may be
included 1n some embodiments. Also for some embodiments,
the laser beam’s optical properties relative to polarization
state, coherence and/or wavelength are properties that may be
set and/or adjusted dynamically by electro-optical compo-
nents within transceiver 500.

Optical ID tag 200 may retroreflect light from multiple
discrete areas on the tag. Each area, along with a micro-
retroreflective backplane, may have light modification physi-
cal optical elements 1n front of the retroreflective backplane.
These light modification elements may take the form of dif-
fractive holograms, refractive holograms, and/or micro- to
nano-scale arrayed or geometrical optical elements such as
gratings, lenses, and/or blazed gratings. These structures 1n
aggregate may comprise an apparatus for producing a par-
ticular localized light property change for that discrete
reflecting area which for some embodiments may be different
from the other discrete reflecting areas within the array of
discrete elements comprising Optical ID tag 200.

For some embodiments, redundancy of discrete structured
pattern reflection areas may be incorporated into the tag.
Redundancy of discrete areas or elements may for some
embodiments be used to provide multiple equivalent data
states to enhance the optical path reliability of tag 200. For
example, if one element becomes obstructed from view acci-
dentally via contamination (mud, dirt, physical damage, etc.),
the code 1s not corrupted. Similarly, for some embodiments
error correction encoding (ECC) may be incorporated to fur-
ther increase reliability.

FIG. 2a depicts an example embodiment of optical identi-
fication tag 200. For this example the checker board pattern
depicted 1n FIG. 2a represents optical 1D tag 200. An ID tag
may be capable of being adhesively applied to an object such
a automobile license plate as shown 1n FIG. 1. Tag 200 may
comprise an aggregation of numerous separate retroretlective
clements arranged 1n an array. Two such elements are labeled
210 and 220. The separate elements may impart some spatial
and/or polarization and/or phase and/or amplitude profile
and/or wavelength shifting properties to a light wave trans-
versing the elements. The modified light wave may be retro-
reflected back toward a light source such as transceiver 300 of
FIG. 1.

For the example embodiment depicted in FIG. 2a, the
various separate elements may be arranged in an array of
small squares. Embodiments are possible where the elements
may be geometrically shaped in any form and arrayed into
any overall tag shape. For example, although tag 200 1is
depicted as having a rectangular shape, other embodiments
are possible where the tag may be circular in shape with
wedge or pie shaped encoding elements. However, these are
merely examples of how an optical identification tag may be
shaped, and the scope of the claimed subject matter 1s not
limited 1n this respect.
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As depicted 1n FIG. 2a, some of the light encoding ele-
ments (such as element 210) are clear (shown as white) and
some are darkened (such as element 220). For some embodi-
ments, the darkening of prefabricated elements 1s how the tag
may be encoded with information prior to use. For example,
a manufactured sheet comprising one or more optical 1denti-
fication tags may be place into a laser printer and the ID
numbers for a single tag or a series of tags are determined by
a user or some automated computer-based logistical program.
Identification numbers may be imparted to the tag via dark-
ening some of the array of light encoding elements. The
darkening of selected elements precludes those elements
from reflecting light when the tag 1s interrogated or polled by
a transceiver’s laser or other light source. The absence of a
particular state spatially and/or optically (polanization/phase/
amplitude, etc.) in the reflected light pattern may comprise at
least part of the reflected encoded signal from the tag. As
discussed above, elements 1n the array may be redundant and
therefore multiple elements may need to be darkened to
remove a particular discrete state from the reflected encoded
signal.

For one embodiment, tag 200 may also comprise an ID text
field 230 where the 1dentification number associated with the
tag may be printed in alphanumeric characters. The ID text
may be printed on the tag concurrently with the darkening of
clements via a printer.

FIG. 2b depicts a cross-sectional view of optical ID tag
200. For this embodiment, an adhesive layer may be posi-
tioned beneath a retroreflective layer 250. Adhesive layer 240
may provide a benefit of allowing the tag to be easily attached
to an object. Retroreflective layer 250 may comprise a layer of
retroreflective material such as small cat’s eyes or corner
cubes replicated 1nto a plastic sheet. These retro-retlective
micro structures that comprise retroreflective layer 250 may
be aluminized or coated with some other highly light reflec-
tive metal or other film. Alternatively, retroretlective materi-
als coated with small glass beads may be used for some
embodiments.

For an embodiment, a clear laminating layer 260 may be
positioned over retroreflective layer 250. Clear laminating
layer 260 may comprise a clear thin sheet of plastic or other
transparent material, and may be used for any of a wide range
of purposes. Clear laminating layer 260 may comprise an
approximately 0.002" thick optically clear adhesive layer to
hold the various elements together as a single tag. Retrore-
flective layer 250 may be embossed or otherwise applied to
clear laminating layer 260. Other embodiments may not
include layer 260. For example, 1n one or more embodiments
retroreflective elements may be formed on one side of a single
sheet of plastic and various light modification elements may
be formed on another side of the sheet of plastic, and no
laminating layer 1s used.

For an embodiment, a segmented light encoding layer 270
may be positioned over clear laminating layer 260 and/or
retroretlective layer 250. For one embodiment, retroreflective
layer 250 may be embossed or otherwise applied to seg-
mented light encoding layer 270. For an embodiment, a front
side of layer 270 may be embossed or otherwise comprise a
replicated pattern (perhaps a checker board 1n one example)
of light encoding elements such as elements 210 and 220
depicted in FI1G. 2a. Other replication techniques may include
nano-replication methods such as embossing a gray-scale
exposure sensitive photoresist on a thin plastic substrate with
the light encoding element structure and then reactive 1on
milling the embossed substrate for production of the nano-
structurally encoded light modification elements. Segmented
light encoding layer 270 may comprise a plastic sheet for one
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or more embodiments. For an embodiment, light encoding
clements formed 1n layer 270 may comprise refractive holo-
grams embossed 1n the surface of the plastic sheet. For some
embodiments, segmented light encoding layer 270 may com-
prise diffractive holograms. For some embodiments, seg-
mented light encoding layer 270 may comprise nano-grating,
structures or other arrayed and deterministic transmissive or
reflective light modification structures. Some embodiments
may comprise both refractive and diffractive holograms,
although the scope ofthe claimed subject matter 1s not limited
in this respect.

For some embodiments, another layer may be coated over
or otherwise applied to the hologram layer. This additional
layer may comprise a nano-replicated array of nano-grating
based polarizers or nano-grating based phase retarders. For
one embodiment, the nano-grating based polarizers may
comprise a grid of perforated silicon that may be capable of
slowing the speed of light moving through the grid. These
type of structures may be nano-replicated and used to fully
retard 1n time portions of a light pulse retlected from 1ndi-
vidual light encoding elements on the passive optical ID tag
200. This type of encoding of light may be referred to as
pulse-delay-stream encoding of light. For an embodiment, a
uniform pulse of light (perhaps with a Gaussian profile 1n the
time domain) may be sent out to interrogate the tag and with
pulse-delay-stream encoding the retroreflected pulse may
comprise mformation bearing structure or encoding in the
time domain.

A combination of two or more of the aforementioned light
altering structures 1n the transmission path of a light encoding
clement 210 may impart unique spatial and/or light state
properties to light reflected from that element that may con-
stitute a unique encoded data state. Such data states may be
binary or they may be multi-level and hence may provide for
numerous possible state levels within the same reflected spa-
tial area of the encoded signal segment.

Although optical identification tag 200 has been discussed
with particular arrangements of layers and/or elements, any
of a wide range of embodiments are possible. Possible
embodiments may comprise a wide range of varying combi-
nations of materials and/or elements, including but not lim-
ited to combinations comprising any or all of the aforemen-
tioned light spatial altering structures and materials as well as
any or all of the aforementioned light property altering struc-
tures and materials. Embodiments may comprise the use of
clements such as diffractive holograms, wavelength filtering
materials and films, and/or other elements or materials
arrayed 1n patterns to encode mnformation 1n light reflected
back upon an mterrogating and irradiating source. For some
embodiments, the wavelength of the irradiating source may
range from the near ultra-violet to the far infrared, although
the scope of the claimed subject matter 1s not limited 1n this
respect.

FIG. 3a depicts one possible structured light pattern
embodiment. Such a structured light pattern may be retlected
from an optical identification tag implemented 1n accordance
with one or more embodiments described herein. The pos-
sible structured light pattern depicted in FIG. 3a (labeled
310), may be referred to as a “spoke pattern.” Spoke pattern
310 1s depicted as having four axes. However, this 1s merely
an example pattern and the scope of the claimed subject
matter 1s not limited 1n this respect. Some embodiments may
provide for larger numbers of axes. The four axes shown for
this example may be produced using four light encoding
clements comprised of a retroreflective backplane and astig-
matic light modification transmissive refractive holograms
such as those discussed above. With holographic elements,
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one may select the divergence one would like to impart on a
beam of light passing through it. For example, a divergence of
0.1 degrees 1n the minor axis and 2.0 degrees in the major axis
may produce elliptical lines such as those shown 1n pattern
310. Because a beam of light may pass through the light
modification elements of an optical identification tag twice
during 1ts round trip return to a transceiver, the full divergence
imparted by each encoding element 1s a RMS (root-mean-
square) of the single path divergence. The angular orientation
of the spokes of pattern 310 relative to each other may be a
product of the holograms 1n each physical element of an 1D
tag being rotated physically relative to each other. For this
example, there 1s no encoding of information via optical state
(e.g. polarization, amplitude profiling, wavelength shifting or
phase retardation). Information for this embodiment may be
decoded from spoke pattern 310 via the spokes which are
known to be 1n fix physical location being present or not and
also via the distance between adjacent spokes. However, this
1s merely one example of a spoke pattern, and the scope of the
claimed subject matter 1s not limited 1n this regard.

FIG. 3b illustrates in more detail an example “spoke pat-
tern” structured light pattern embodiment (labeled pattern
300). For this example embodiment, structural light spokes
340 may be presented every 5 degrees of rotation. Therefore,
for this example, the pattern may comprise as many as thirty-
s1X spokes 340. The length or divergences of the spokes for
this example may have any one of three lengths, or one or
more spokes may not be present at all. The lengths or diver-
gences of spokes 340 may be represented by radial divergence
quantization levels 330 as depicted 1n FIG. 3b. Although for
this example embodiment three quantization levels are
described for non-absent spokes, other embodiments are pos-
sible using any of a wide range of quantization levels.

For this example embodiment, the shortest length and
hence brightest spoke (assuming same number of equal sized
light encoding elements 210 are used to create each spoke) of
pattern 300 comprises an index or reference state 320 for the
pattern. An electro-optical transceiver, perhaps such as
described below 1n connection with FIG. 5, may detect and
locate index spoke 320 first and then may read the remainder
of the data encoded 1n the spokes either clockwise or counter-
clockwise from the 1index spoke.

As previously mentioned, for this example embodiment
cach spoke 340 of pattern 300 may have two other informa-
tion encoding states incorporated into the divergence or
length of each of spoke 340. Therefore, for this example, the
number of possible states in the pattern may number seventy-
two (two states for each of the thirty six spokes). However, for
some embodiments, each of the spokes may also have asso-
ciated with it phase retardation and/or polarization and/or
amplitude profile modified and/or wavelength shifted states.
If for one embodiment phase retardation of the light relative
to 1ndex state 320 1s used as a next hierarchical encoding
mechanism and assuming for this embodiment that a five
degree change 1in phase 1s detectable, then another seventy-
two states may be detectable for this pattern. The total number
ol states then possible for this example pattern with these
example boundary conditions 1s 5184 (72x72). Because the
logarithm 1n base 2 of 5184~12.34, for this example embodi-
ment using the conventions described, over 12 bits of data
may be encoded. Other additional encoding techniques may
be implemented such as using the distance between spokes to
encode mnformation and/or using polarization states which are
fixed and/or rotated linear polarization states with no retar-
dance and/or using energy distribution or signatures. For
embodiments using any of various combinations of the
above-mentioned encoding techniques, very large numbers
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ol bits of information may be encoded 1n optical identification
tags. For some embodiments, 128 bits or more may be
encoded 1n each tag.

FIG. 4 1llustrates a second possible embodiment of a struc-
tural or spatial encoding pattern for retroretlections from a
passive optical ID tag such as tag 200. The pattern 400
depicted 1n FIG. 4 may be referred to as a “distributed light
node” pattern. An embodiment of a distributed light node
pattern such as pattern 400 may be produced by having the
clements of a tag such as tag 200 retroretlect and then slightly
diffract directionally the various divergent nodes of light. The
nodes 410 may be symmetric or astigmatic 1n any direction.
The directionality of ellipticity relative to other nodes may be
a form of data encoding for this embodiment. The relative
position of nodes 410 relative to each other 1n the pattern may
also be used to encode information. To further encode 1nfor-
mation, each of light nodes 410 may either be present or not
and/or may have a large spectrum of different states of phase
and/or polarization and/or may have different relative dis-
tances or positions from the center of the optical axes 430 of
a transcerver’s interrogating light source beam. Alternatively,
a relative position from an index node may be used. Node
amplitude and/or amplitude profiling may also be used to
encode mnformation. Any of a wide range of light modification
techniques and/or elements, perhaps such as those described
herein, may be implemented 1n a tag to produce distributed
light node patterns in accordance with possible embodiments.

It 1s to be noted that for the example embodiments
described herein, structured light patterns retlected from an
optical ID tag such as tag 200 may travel through the atmo-
sphere back at a transceiver (perhaps such as transceiver 500
described below) 1n a divergent manner. The transcetver may
detect the diverging pattern. This may be accomplished for
some embodiments by imaging the scattered light of the
pattern ifrom the atmosphere at one of many intermittent
planes (see structured light pattern 140 of FIG. 1) that the
structured light pattern transverses on 1ts path back to the
transceiver. Any ol a range of techniques may be used in
various possible embodiment of a transceiver to enhance
detection of scattered structural patterns. The range of pos-
sible techniques may include modulating the laser at rates
higher than atmospheric scintillation (1K to megahertz range)
while simultaneously gating the detection array for the syn-
chronous laser pulse duration, using a wavelength band pass
filter such as a dichroic thin film filter to 1solate the mono-
chromatic reflected signal from ambient light, preclusion of
optical entry rays with an angle of normalcy relative to the
transceiver of less than some limiting angle, and/or observing,
multiple atmospheric object planes between the passive opti-
cal ID tag and the transceiver and electronically correlating
the signal patterns 1n the 1mages. These are merely examples
of techniques for enhancing structured light pattern recogni-
tion, and the scope of the claimed subject matter 1s not limited
in these respects.

FIG. 5 1s a block diagram of an example embodiment of an
clectro-optical transceiver 500. A laser beam 531 produced
by laser 526 may be directed out of the transceiver 500. A
laser beam expander/state controller 525 may be placed 1n
front of the laser 526. For an embodiment, expander/state
controller 525 may expand the laser beam automatically to
optimize the laser beam divergence for optimal spot size
placement on the optical ID tag 200. For another embodi-
ment, expander/state controller 525 may also comprise an
clectro-optical element such as a ferroelectric liquid crystal
polarization rotator. By being able to change the interrogating,
polarization of laser beam 3531, a rapid determination may be
made of the optical properties of the light encoding elements
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210 of tag 200 by rotating through all four stokes vector states
with the beam 531 and comparing the amplitude of these
states.

Interrogating laser beam 531 may emerge from transceiver
500 1n a pulsed manner. The pulsed beam 531 may be syn-
chronized with a laser pulse and 1image capture synchronizer
unit 527 in order to reduce collection of background noise at
a sensor 527. The pulsed beam 531 may be directed at the
optical ID tag 200 via line-of-sight manual pointing or with
assistance from a closed loop beam pointing optimization
method such as a galvanometer control mirror system. Such a
closed loop pointing system may maximize the amplitude of
the optical ID tag return by aligning the central and brightest
portion of the mmterrogating beam 531 with the optical passive
1D tag 200.

As discussed previously, as the beam strikes tag 200, vari-
ous light encoding elements 210 on the tag which are exposed
(not darkened) may alter the various properties of light as
discussed earlier. The resulting structured light pattern travels
back toward the transceiver 500. The spatial pattern of the
structured light pattern may be scattered by atmospheric
gases and suspended particles (dust) 1n the atmosphere. The
structured light pattern may be gathered by a fairly high
numerical aperture collection lens 523. The field of view
(FOV) of the image presented to sensor 327 may be adjusted
by a secondary optic component/system comprising focal
lens 540 and focal zoom component 530. The FOV may be
automatically adjusted for optimal detection of the encoded
structural light pattern based at least in part on the distance
between the transceiver 500 and the optical ID tag 200. A
bandpass optical filter 533 which may comprise a dichroic
filter may be placed 1n the return optical path to filter out
wavelengths of light not contributing to the optical ID signal.
Significant increase in signal-to-noise ratio of the encoded
optical signal may be obtained 1n this manner.

One embodiment may comprise an optical transfer and
holographic quad 1mage divider 534. Element 534 may be
used to determine phase and polarization information by
splitting the 1mage of the structured light pattern signal 1nto
four images and looking at each image with each 1mage being
filtered with a different but orthogonally rotated polarizer
such as a nano-grating polarizer. Each image path of the four
images may be passed through a phase plate 532 to allow for
stokes vector analysis and polarization and phase state deter-
mination ol the various optical 1D tag light encoding ele-
ments.

Sensor 327 may comprise a standard charge coupled
device (CCD) or complementary metal oxide semiconductor
(CMOS) imaging sensor. Another embodiment may scan the
image at high speed onto a single or several high speed
photodiodes. The captured 1image or 1mages may be pro-
cessed by an 1image capture circuit 528. The rendered images
may be delivered to processor 529 where multi-level state
analysis for each light encoded element 210 may be per-
formed. For an embodiment, based at least on part on opera-
tions performed by processor 529, closed loop adjustments of
laser beam parameters and 1image collection parameters may
be made and further samples of the signal may be taken to
ascertain with high confidence the encoded information in the
optical ID signal.

FIG. 6 1s a tlow diagram of an example embodiment of a
method for electro-optical 1dentification. At block 610, an
optical identification tag may be i1lluminated. The optical
identification tag may comprise a retroretlective layer and a
light encoding layer. At block 620, a structured light pattern
reflected from the optical identification tag may be recerved.
For an embodiment, the structured light pattern may be
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recetved at a transceiver. At block 630, information encoded
in the structured light pattern may be decoded. The decoding
operations may be performed by a transceiver or some other
computing platform. An embodiment in accordance with
claimed subject matter may include all, more than all or less
than all of blocks 610-630. Furthermore, the order of blocks
610-630 1s merely one example order, and scope of the
claimed subject matter 1s not limited 1n this respect.

In the preceding description, various aspects of claimed
subject matter have been described. For purposes of explana-
tion, systems and configurations were set forth to provide a
thorough understanding of claimed subject matter. However,
it should be apparent to one skilled in the art having the benefit
of this disclosure that claimed subject matter may be prac-
ticed without the specific details. In other mstances, well-
known features were omitted and/or simplified so as not to
obscure claimed subject matter. While certain features have
been illustrated and/or described herein, many modifications,
substitutions, changes and/or equivalents will now occur to
those skilled 1n the art. It 1s, therefore, to be understood that
the appended claims are intended to cover all such modifica-
tions and/or changes as fall within the true spirit of claimed
subject matter.

What 1s claimed 1s:

1. An optical identification tag comprising:

a substrate comprising light encoding elements and ret-
roreflective elements, the light encoding elements and
the retroreflective elements formed from a same mate-
rial, wherein the retroreflective elements are formed
from one side of the material and the light encoding
elements are formed from another side of the material;

wherein the light encoding elements are configured to
encode information 1n light received from a light source
comprising non-visible wavelengths and wherein the
light encoded with the information 1s retroreflected from
the retroretlective elements without encoding further
information in the received light;

wherein the light encoded with the information comprises
wavelengths imperceptible to human eyes.

2. The optical identification tag of claim 1, wherein at least
one of the light encoding elements and at least one of the
retroreflective elements are embossed within the substrate.

3. The optical 1dentification tag of claim 1, wherein the
retroreflective elements comprise micro-retroreflectors.

4. The optical 1dentification tag of claim 1, wherein the
light encoding elements comprise light modification ele-
ments.

5. The optical identification tag of claim 4, wherein one or
more of the light encoding elements comprise a refractive
holographic light modification element.

6. The optical identification tag of claim 4, wherein one or
more of the light encoding elements comprise a diffractive
holographic light modification element.

7. The optical identification tag of claim 4, wherein one or
more of the light encoding elements comprise a phase retar-
dation structure.

8. The optical identification tag of claim 4, wherein one or
more of the light encoding elements comprise a light polar-
1zation structure.

9. The optical identification tag of claim 4, wherein one or
more of the light encoding elements are darkened to encode
information.

10. The optical 1dentification tag of claim 4, wherein the
light encoding elements are capable of producing a distrib-
uted light node pattern.
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11. The optical 1dentification tag of claim 1, wherein the
light encoding elements comprise light modification ele-
ments capable of producing a spoke pattern light structure.

12. The optical identification tag of claim 1, wherein at
least one of the light encoding elements or the retroreflective
clements are embossed on the matenal.

13. A method comprising:

recerving 1llumination at an optical identification tag,
wherein the optical 1dentification tag comprises a ret-
roretlective layer and a light encoding layer configured
to encode information 1n a structured light pattern ret-
roreflected from the retroreflective layer; and

reflecting the structured light pattern comprising a spoke
pattern of light including an index spoke;

wherein a location of one or more light spokes of the spoke

pattern relative to the mndex spoke 1s usable 1n decoding
the encoded mnformation.

14. The method of claim 13, wherein receiving illumina-
tion at the optical identification tag comprises recerving illu-
mination from a laser.

15. A method comprising:

illuminating an optical identification tag, wherein the opti-

cal identification tag comprises a retroreflective layer
and a light encoding layer;
receving a structured light pattern comprising a spoke
pattern reflected from the optical 1dentification tag; and

decoding information encoded 1n the structured light pat-
tern according to at least a location of one or more light
spokes of the spoke pattern relative to an index spoke of
the spoke pattern.
16. A system comprising:
an optical 1dentification tag comprising a retroreflective
layer and a light encoding layer positioned over the
retroretlective layer, wherein the light encoding layer 1s
configured to encode information within a spoke pattern
of light reflected by the retroretlective layer, wherein a
location of one or more light spokes of the spoke pattern
of light relative to an index spoke of the spoke pattern of
light 1s usable 1n decoding the encoded information; and

an electro-optical transceiver comprising a light source
capable of 1lluminating the optical identification tag and
further comprising an optical sensor capable of recerv-
ing the spoke pattern of light reflected from the optical
identification tag.

17. The system of claim 16, wherein the electro-optical
transcerver further comprises an i1mage processing unit
capable of decoding information encoded 1n the spoke pattern
of light reflected from the optical 1dentification tag.

18. The system of claim 16, wherein the retroreflective
layer comprises micro-retroretlectors.

19. The system of claim 16, wherein the retroreflective
layer comprises a plurality of glass beads.

20. The system of claim 16, wherein the light encoding
layer comprises light modification elements.

21. The system of claim 20, wherein one or more of the
light modification elements comprise a refractive holo-
graphic light modification element.

22. The system of claim 20, wherein one or more of the
light modification elements comprise a diffractive holo-
graphic light modification element.

23. The system of claim 20, wherein one or more of the
light modification elements comprise a phase retardation
structure.

24. The system of claim 20, wherein one or more of the
light modification elements comprise a light polarization
structure.
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25. The system of claim 20, wherein one or more of the
light modification elements are darkened to encode informa-

tion.

26. An optical identification tag comprising:

a retroretlective layer configured to retroretlect incident
light; and

a light encoding layer configured to encode mnformation
within a spoke pattern of light reflected by the retrore-
flective layer, wherein a location of one or more light
spokes of the spoke pattern of light relative to an index
spoke of the spoke pattern of light 1s usable 1n decoding
the encoded information.

10

14

27. The optical i1dentification tag of claim 26, wherein
decoding the encoded information further comprises ident-

tying presence or absence of a spoke of the spoke pattern of
light.

28. The optical i1dentification tag of claim 26, wherein
decoding the encoded information further comprises ident-
tying a distance between adjacent spokes of the spoke pattern

of light.
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